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Abstract 
In the medical field, an easy-to-operate small ultrasonic probe is required to insert a needle precisely into a puncture 
target such as vessels or a lesion area.We fabricated an ultrasonic probe with a through hole for needle puncture 
during observation of a puncture target. The probe consists of a ring-shaped transducer around the hole for detecting 
the needle tip and 12 fan-shaped transducers around the ring-shaped transducer for observing a puncture target. We 
obtained a B-mode image of a needle puncturing a pig liver using this probe. 
To discuss the principle of detecting a needle tip, we investigated the phase of signals from the needle tip using an 
ultrasonic probe on which the transmitter and receiver were separated. From the experimental results, we explain the 
principle of detection. 
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In the medical field, an ultrasonic-guided needle puncturing technique is used to insert a needle 
precisely into a puncture target such as vessels or a lesion area. A needle is usually inserted obliquely into 
the puncture target using a convex ultrasonic probe with a needle attachment on its side. However, the 
needle sometimes misses the target because the path is too long due to oblique insertion. In addition, the 
probe is too large and difficult to use at a narrow place such as around a neck. Therefore, an easy-to-
operate small ultrasonic probe is required to insert a needle precisely at a narrow space. We fabricated a 
cylindrical probe with a through hole to insert a needle vertically with a short path into the target and 
demonstrated an example of a B-mode image for inserting a needle into a pig liver using this probe. We 
analyze the receiving signals from the needle tip and discuss the detection principle of the needle tip.    
2. Design of ultrasonic probe                                                                                                                                       
We designed an ultrasonic probe with a through hole at the center for inserting a needle vertically into 
the target. A photograph of the fabricated probe is shown in Fig. 1. Figure 2 shows the cross sectional 
view of the probe and a configuration of ultrasonic transducer elements. This probe consists of a ring-
shaped transducer around the hole for detecting a needle and 12 fan-shaped transducers around the ring-
shaped transducer for imaging a front target. The hole is 1.6 mm in diameter, the inner and outer 
diameters of the ring-shaped transducer are 3 and 7 mm, respectively, and the inner and outer diameters 
of the fan-shaped transducers are 8 and 17.8 mm, respectively. The whole probe is 20 mm in diameter and 
20 mm high. We set the ultrasonic frequency of 7 MHz. The transducer material is a  1-3 composite of 
lead zirconate titanate (PZT) ceramics and epoxy resin. We designed the structure, and Japan Probe Co., 
Ltd. fabricated the probe in accordance with our design.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Photograph of ultrasonic probe with through hole.
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Fig. 2 Ultrasonic probe with through hole: (a) cross sectional view and 
 (b) configuration of transducer elements.
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3. B-mode image 
A detection method for a needle tip and front target is shown in Fig. 3. The needle is detected by the 
signals from the needle tip, as discussed later, and the front target is observed by pulse echo. Figure 4 
shows a B-mode image observed for inserting a needle (diameter: 0.95 mm) into an excised pig liver 
(about 14 mm thick) in a water bath. This image was constructed by signals from the 1st to 12th elements 
for observing the front target and 13th element for detecting the needle tip. The front and back surfaces of 
the liver and the needle tip can be seen clearly, and we can insert a needle into the liver while observing a 
relative position of the needle tip and the liver. Note that in this image only the needle tip, not the whole 
of the needle, can be seen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Detection principle of needle tip 
To investigate the principle of needle detection, we fabricated a probe that has two transducer 
elements, A and B, as shown in Fig. 5. Dimensions of the probe are almost the same as those of the ring-
shaped part of the above 13-element probe; the through hole is 1.6 mm in diameter and the inner and 
outer diameters of the transducer elements are 3 and 7 mm, respectively. Both elements are separated by a 
line gap of 0.3 mm. We investigated the phase of the signals from the needle tip in the following two 
cases, as shown in Fig. 6: ultrasonic waves emitted from element A are received at element A (Case 1), 
that is, most of the waves return to the same element, or are received at element B (Case 2), that is, most 
of the waves are diffracted to the opposite side to the needle. The needle (diameter: 1.5 mm) stuck out 15 
mm through the hole, and the probe and needle were set in a water bath. As signals depend on the 
direction of taper at the needle tip, we set the taper facing the boundary between both elements.   
Figure 7 (a) shows the waveform in Case 1, where the signal shows the inverse phase against the
emitted wave. Figure 7 (b) shows the waveform in Case 2, where the signal shows the same phase as that 
of the emitted wave. We try to explain these phases by edge waves. Edge wave is caused by an abrupt 
change in sound pressure at the edge of boundary [1, 2]. In Case 1, the wave emitted from element A 
travels to the needle and is reflected at the needle surface with the same phase. This reflected wave 
generates the edge wave with the inverse phase at the needle tip. This edge wave is received at element A. 
On the other hand, in Case 2, the wave emitted from element A reaches the needle tip and generates the 
edge wave with the same phase. This edge wave is received at element B. Thus, it can be explained that 
only the needle tip is detected and signals from whole of the needle are not detected. In this experiment, 
Fig. 3 Detection of needle tip and
observation of front target.  
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we separated the transducer into two elements, but the above probe shown in Fig. 2 has one element for 
detecting a needle, and composed signals of Cases 1 and 2 are used to detect the needle tip. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
5. Conclusions 
We fabricated a cylindrical probe with a through hole to insert a needle vertically with short path into 
the target during observation of a puncture target.A B-mode image was obtained for inserting a needle 
into an excised pig liver, which showed that a needle can be inserted by observing the relative positions of 
both needle tip and front target. From analysis of signal phases, the principle of detecting only a needle 
tip was explained.
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Fig. 6 Ultrasonic paths in two cases. 
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Fig. 5 Probe with separated elements. 
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Fig. 7 Waveforms from needle tip: (a) Case 1 and (b) Case 2.  
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